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ABSTRACT
This study investigated silt movement and the influence of
fine sand on downstream ecology during movement by using a
small indoor physical model for simulating onsite conditions.
The obtained data were analyzed to determine the impact of
silt on ecological habitats and can serve as a reference for
future onsite and ecology investigations.
Before a dam was removed to allow a downstream riverway
to restore the initial environment, the riverway stabilized at
approximately 960 s, and the dam was removed at approximately 1140 s. After the dam was removed, the silt in each
channel section evidently increased, and after a certain time, it
gradually stabilized. Before the dam was removed, some of
the silt trapped by the dam was moved to the lower reach by
flowing water and filled between coarse particles.
After the dam was removed, the silt was instantly moved to
the lower reach. Consequently, the habitat was critically affected; however, the silt with a constant flow stabilized as time
passed. Thus, the habitat was gradually restored. For this
study, one half of the dam was removed at the beginning, and
the other half was removed subsequently. However, the silt
trapped by the remaining half of the dam was limited and,
therefore, exerted little impact on the downstream riverway
after the remaining half of the dam was removed. The phenomenon observed after the upstream dam was removed was
repeated when a 6-cm dam was set downstream.

I. INTRODUCTION
Rivers in Taiwan are characterized by steep slopes, rapid
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currents, and weak geology. Typhoons bring abundant rainfall
and a large amount of soil, which is also observed during
heavy rainfall.
Summer and fall are the two seasons when Taiwan receives
the most rainfall, and a considerable amount of rain water accumulates in reservoir areas. Therefore, the amount and time
of flood discharging should be determined to minimize water
shortage (Wei et al., 2007).
The main rivers and branches within the catchment area of
the Shihmen Reservoir were affected by Typhoons Gloria,
Aere, and Matsa in 1963, 2004, and 2005, respectively. To
solve problems such as the presence of silt in reservoirs and to
extend reservoir life, 122 silt-trap dams have been constructed
on the upstream catchment area. These silt-trap dams have
arrested a large quantity of silt over the years. However, Typhoon Wipha in September 2007 ruined the silt-trap dam of
the upstream Baling Dam. The previously collected silt shifted
considerably downstream.
Various experiments, theories, and numerical methods have
been widely applied to study dam improvement. For example,
Dai (1992) reported that the habitat of Oncorhynchus masou
formosanus has changed considerably over time, particularly
because of the negative influence of typhoons and floods. O.
masou formosanus will significantly decrease in quantity
or even become extinct because of natural disasters, such as
landslides caused by typhoons and floods, and changes in
riverbed sediment. Yeh et al. (1998) reported that the method
for removing parts of the dams to restore the habitat of river
fish strongly influences brook stability and silt movement,
and can restore the initial environment of the riverway. Yeh
(2004) reported that the riverbed is apparently scoured by
small-diameter sand grains carried downstream, where they
form a protective layer in the riverway, as observed from
investigating the sediment of Chichiawan Brook. Therefore,
river bed material #6 (large boulders, particle size >51.2 cm)
constitutes the largest amount of river bed material (up to
40%), in Chichiawan Brook. In addition, river bed material #1
(smooth-surface, particle size <0.2 cm) is formed by sand
grains of the smallest diameter in this area, similar to the
riverway of a mountain stream. This indicates that sand grains
with a small diameter are transported downward in this
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Fig. 1. Sediment distribution rate–time (Qijiawan Creek) (Dam 2, above
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Fig. 2. Sediment distribution rate-time (Dam 2, above of the Cijiawan
River).

scouring reach. The sediment change of each riverway is
shown in Figs. 1 and 2 for each period.
Konrad (2009) reported that the U.S. Department of the
Interior planned to remove two dams (30 and 60 m) from the
Elwha River.
Dam removal can restore the river ecosystem of reservoirs
through stream erosion and sediment deposition. A onedimensional model can be used to simulate silt movement and
stabilize the time of particle distribution in a riverbed and the
recovery time of branches. After dam removal, the excessive
quantity of silt may lower the diversity of an ecosystem, but
the flow can rapidly carry silt away and restore the initial
ecosystem of a river during this period. In 2007, the CALFED
Ecosystem Restoration Program reported a water channel that
was 28 m long, 0.86 m wide, and 0.9 m deep, according to silt
supply, acoustic and laser scanners, and the measured details
and terrains above and under water. Its allocation is shown in
Fig. 3. The slope of the combined riverbed and the particle
size in the riverbed (1), the relationship between the silt
movement range and particle size distribution, and the permeation between sand grains with a small diameter and the
distribution of particle size in a riverbed (2) were discussed.
Sand grains with a small diameter should be transported forward as far as possible (3).
A mixture of particles of various sizes was obtained from
nine riverbeds and divided into five categories according to
particle size. The distribution of nine types of particle sizes is
shown in Fig. 4. Gibson et al. (2009) presented a schematic
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Fig. 4. Particle size of riverbed materials of 10 sections in the experimental segment.
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Process 2:
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Fig. 5. Permeation process of fine particles in two static gravels.

(Fig. 5) of the penetration process of the fine particles of two
static types of gravel. Sand grains with a small diameter fall
into the gravel bed and prevent its development when the connection space is sufficient (if the riverbed consists of rocks,
deposits containing fine particles may enter the water channel
at the bottom).
The semimovable riverbed experiment shows that riverway
flow conditions mainly occur toward the right bank. Because
of the topographic influence of mountain areas, a minor error
was observed between the flood level at the frequency of 200
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Fig. 6. Annual number of dams removed and height distribution in the
United States (Poff and Hart, 2002).

years and the value calculated through mathematical modeling,
but it was within a reasonable range. Kleinhans (2002) called
this process unimpeded static percolation. Gravels remain static,
allowing finer deposits to pass. Previous studies have reported
on the behaviors of gravity and fluid dynamics (Savant et al.,
1987; Joy et al., 1993; Packman et al., 1995, 2003). Einstein
(1968) observed this mechanism when in conducting an initial
water trough test. In addition, Lunt and Bridge (2007) reported
this mechanism in their open-type gravel document; however,
regarding natural systems, it is not a dominant document
(Diplas and Parker, 1992). Poff and Hart (2002) observed that
the number of dams removed in the United States had increased rapidly over the previous 20 years, as shown in Fig. 6;
according to statistical data, 467 barrages were removed in the
twentieth century. The total number of removed dams was
approximately 200, but nearly half (approximately 220) of the
removed barrages were small , lower than 5 m; barrages lower
than 17 m accounted for 70% of the total number. The flow
chart in Fig. 7 depicts the influence of barrages on the biophysical process produced by the geographic environment.

II. MATERIALS AND METHODS
A downstream fine particle filling experiment was conducted, mainly to understand the phenomenon of silt with fine
particles filling a gravel-type riverbed when silt trapped by a
dam flows to the downstream gravel-type riverbed. Such an
experiment clarifies the impact of the upstream silt with fine
particles on the downstream habitat environment after the
upstream dam is removed or collapses. Thus, the time for

Fig. 7. Flow chart of influence of dam on biophysical process (Poff and
Hart, 2002).

which silt with fine particles remains in the gravel-type riverbed can be estimated to provide a reference for restoring the
habitat in the future.
Lin et al. (2005) used a physical modeling experiment to
compare a hydraulic phenomenon before and after dam construction. The similarity rate of the movable riverbed of the
prototype and model was deduced using a method similar to
the hydraulic model of the movable riverbed developed and
used by the Delft Hydraulic Research Institute combined with
the E-H (Engelund-Hansen) formula to obtain the sediment
transport equation:

qs
Ds 3/ 2

5/ 2

  hs 
 0.084 

g
 Ds 

(1)

1. Physical Model Test
1) Experiment Configuration
As shown in Fig. 8, the experiment had a trough 80 cm
long, 4 cm wide, and 30 cm high. A water tank was above the
trough, which was mainly used for supplying clean water for
the test. Two dam structures were set at the 0- and 40-cm
positions from the lower reach to the upper reach and were 6
and 15 cm high, respectively. The particle size and discharge
height of the downstream gravel-type riverbed were 15 mm
and 6 cm, respectively. The particle size of fine sand grains
trapped by the upstream dam was 0.1 mm; its layout is shown
in Fig. 9. The downstream riverway was divided into five
sections to demonstrate the phenomenon of the fine sand
grains moving downstream after dam removal. The sections
were disturbed, as shown in Fig. 10. The length of Sections
1-4 was 8 cm, and the length of Section 5 was 4 cm. The silt
transport was observed from the profile of each section.
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2) Observation and Experimental Steps
Instruments were used for comparing and observing the
percentage of the upstream silt that fills the downstream
gravel-type riverbed. The comparison equipment was an acryl
container 4.5 cm long, 2 cm wide, and 5 cm high. This container was proportionally filled with gravel, water, and sand
grains (Fig. 7). The experimental gravel accounted for 18% of
the total volume, and the water and sand grain proportions
were changed to analyze the percentage of sand content in

each section. A comparison diagram is shown in Fig. 8, and
the experimental comparison is shown in Fig. 9. The flow of
the water tank was calibrated, and the water tank was controlled by a valve (Fig. 11). The calibration curve for each
flow was formed, as shown in Fig. 12.
2. Experimental Steps:
1. The trough was filled with an appropriate amount of water
(6 cm), and the downstream gravel-type riverbed was allowed to reach saturation.
2. A low flow (approximately 5 mL/s) was initiated, and the
dam was filled because of the downstream filling phenomenon, allowing a natural riverway to form downstream.
3. High-flow (approximately 68 mL/s) downstream silt movement was simulated (the flow simulated that resulting from
an approaching typhoon).
4. One half of the dam was removed.
5. After prolonged observation, the downstream silt distribution was analyzed (the downstream silt transport was observed after one half of the dam was removed).
6. The downstream silt movement was observed after the
remaining dams were removed.
7. The silt in the riverway was observed after the downstream
dam was removed.

III. RESULTS
The experimental results are described as follows. Fig. 13
shows the percentage of the sand content when the dam was

Percentage of silt content (%)
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half of the dam was removed at the beginning, and the other
half was removed subsequently. However, the silt trapped by
the remaining half of the dam was limited; therefore, it exerted
little impact on the downstream riverway after the remaining
half of the dam was removed. The phenomenon caused by
removing the upstream dam was repeated when the 6-cm dam
was set downstream.
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Fig. 15. Percentage of silt in each section before and after simulation of
dam removal.

removed. Before the dam was removed to allow the downstream riverway to restore the initial environment, the riverway stabilized at approximately 960 s, and the dam was removed at approximately 1140 s. Fig. 14 shows the percentage
of the sand content of each section after the dam was removed.
The silt in each section increased after the dam was removed;
however, after 1830 s, it gradually stabilized. Fig. 15 shows
the situations before and after dam removal. Before the dam
was removed, some of the silt trapped by the dam was moved
to the lower reach by flowing water and filled between coarse
particles. Section 1 was below the dam and formed a scour pit;
therefore, its sand content changed irregularly. For other sections, the riverway stabilized after a period and moved the silt
to the lower section over time.
After the dam was removed, the silt was instantly moved to
the lower reach. Consequently, the habitat was critically affected; however, the silt with a constant flow stabilized over
time. Thus, the habitat was gradually restored. For this study,

IV. DISCUSSION
1. The silt-trap dam affected the transport channel of the silt,
separated the silt source of the upstream, enhanced the
scouring of the downstream, and rearranged the riverway
silt. According to this study, the influence of the silt-trap
dam on the riverway consists of three blocks: downstream
dam washout, changes between two dams, and accumulation at the dam upstream. However, most studies have focused on upstream deposit scouring and have rarely discussed changes between two dams. The silt carried from
upstream to downstream of the dam accumulated at an appropriate place, thus forming a braided riverway. Compared with the upstream, the braided riverway had higher
resistance; therefore, the low stress caused a considerable
amount of silt to accumulate there. As time passed, it naturally formed a dam and eroded the downstream riverway.
The aforementioned procedure was repeated and affected
the development of the riverway between the two dams. In
general, the number of times the procedure is repeated depends on the number of dams naturally formed.
2. Because there was a height of water between the upstream
and downstream riverbeds, it formed a free jet when the
water flowed through the top of the dam, and resulted in a
pool after long-term scouring. The durations required for
constructing and designing dams are not identical, and a dam
may be damaged; therefore, determining the relationship
between the dam height and the dam pool is difficult.
3. When the dam broke, the filling phenomenon occurred rapidly. Therefore, the required time depends on the number
and intensity of floods, if the riverbed sediment must be
restored before the dam breaks.

V. CONCLUSIONS
1. Particles in a silt-trap dam are distributed such that the upstream area contains fine particles, whereas the downstream
area contains coarse particles. This may be due to the following factors:
(a) The silt is blocked upstream of the dam; the water
drained is powerful and has high sediment carrying
capacity. Therefore, the silt in the lower reach is carried away and only coarse particles remain. Because
the soil at the bottom of the dam cannot be washed
away, it deposits at the bottom.
(b) The waterfall effect generated by a dam increases the
scouring force between gravels and carries silt away.
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2. The influence of downstream dam removal on the improvement of the upstream filling situation is limited.
3. Because of the removal of half of the upstream dam, a flood
event causes heavy floods to carry silt downstream. If the
silt trapped by the other half of the dam is insufficient, the
impact of silt downstream decreases after the remaining
half of the dam is removed.
4. Taiwan is an island where many disasters, such as landslides
and mudslides, occur frequently. In the future, the influence of hydrological geography on the stability of landslides can be considered (Ku et al., 2008). In addition, the
side gravel requirements of the main river, such as gravel
colluvia, can be considered for investigating the influence
of slope and water level on mudslides (Hsiao et al., 2007).
5. We can assumed the lower sand layer to be the lower
transmissibility coefficient, and the permeable dam constructed on this sand layer was used to obtain the theoretical
solution when the dam bottom K  0 (K = permeability
coefficient); the water level was equalto the dam height. It

is mainly used to solve the equation   q  0 for the dam
hypothetically,
 where q (q = discharge) can be obtained

from q  k h (h = water level). The obtained theoretical
solution is applicable to the permeable rate of a project.
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